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regional flow obtained by comparison of the normal with the ab-
normal area within the same heart is obscured by the enormous
variability and responsiveness of different animals to a given va-
sodilatory stimulus.
4) If one analyzes the data without a preconceived bias, then
more interesting results can be derived, suggesting that the authors'
conclusions are not only erroneous based on their own data, but
also indicate that the authors attempted to force a preconceived
conclusion out of the data that do not, in fact, support it even
accepting the poor experimental design. In Table I, the authors
indicate that with the 400 jLg/min dose of adenosine, mean aortic
pressure was 127 mm Hg associated with a 20.6 mm stenosis
gradient and a transmural coronary flow of 4.86 cc/min per g (Table
2). Distal coronary mean pressure was 106 mm Hg. If these data
are considered in terms of the authors' own conclusions, it indicates
a phenomenon in the coronary vascular bed that has never been
described before and is completely inconsistent with the known
behavior of the myocardial vascular bed as follows: The authors
have concluded that a 50% stenosis does not alter coronary flow
reserve and, therefore, cannot have any hemodynamic effect or
create a significant change in flow resistance. Yet, Group I animals
with a 50% left anterior descending artery stenosis had a distal
coronary perfusion pressure of 106 mm Hg, whereas in the non-
stenotic circumflex coronary artery, the perfusion pressure would
be normal at 127 mm Hg. According to the conclusions of the
authors, the myocardial blood flow in the left anterior descending
and circumflex areas was the same at 4.8 cc/min per g with a
circumflex perfusion pressure of 127 mm Hg and a left anterior
descending artery perfusion pressure of 106 mm Hg. Therefore,
the circumflex and left anterior descending vascular beds would
receive the same flow at different perfusion pressures, and vascular
bed resistance in the left anterior descending distribution must be
lower than in the circumflex distribution in the absence of any
hemodynamically significant stenosis. Ifthe stenosis were not hav-
ing any effect in limiting flow, as concluded by the authors, then
with a fall in left anterior descending vascular bed resistance, why
wouldn't the flow increase unless the increase was limited by the
stenosis? Normally, if there is no restriction on inflow, a fall in
vascular bed resistance would result in an increase in coronary
flow. Clearly then, the authors' conclusion that the stenosis is
hemodynamically insignificant is incorrect and, in this instance,
the stenosis caused a fall in pressure that limited inflow and,
therefore, was having a hemodynamic effect. Thus, the data ob-
tained in this experiment are at complete odds with the authors'
own interpretation if analyzed with an open mind.
Furthermore, the technique used, selective intracoronary in-
jection of a vasodilator, is completely inappropriate for the ap-
plication to patients, because the fundamental approach utilizing
coronary vasodilators centers on the systemic, intravenous admin-
istration of both the vasodilating and imaging agent. Thus, the
experimental design chosen by these investigators is not only in-
appropriate for answering the questions posed but irrelevant to the
clinical circumstances as well.
The authors might have better used their time and that of their
readers had they addressed the truly critical question of how to
reduce the variability in the response of individual experimental
animals to a given dose of coronary vasodilator. Whether these
differences are due to adrenergic tone, myocardial compression
due to differing degrees of contractal force or are inherent in the
coronary vascular smooth muscle tone of each animal is a central
question requiring further study. The current study by Gewirtz et
al. does make an unintended contribution to the readers of the
Journal by demonstrating a classic mismatch between the question
posed and experimental design, as well as the unintended dem-
onstration of the importance of an optimal vasodilating technique
that minimizes the variability of the coronary vascular response
between anmals for a given stimulus.
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Reply
Gould's principal objection to our study concerns the matter
of appropriate controls. We recognized that a large degree of
interanimal variability exists in terms of adenosine responsiveness.
We also believe that a potent factor in this variability is an indi-
vidual animal's intrinsic responsiveness. Experience in our labo-
ratory has shown that there is a continuum of adenosine respon-
siveness in pigs that is relatively reproducible within any given
animal. On the basis of this assumption of differing responsiveness,
we deemed it reasonable to use each animal's outcome response
as an indication of responsiveness. Thus, we ranked animals in
each group according to the outcome, thereby producing eight
pairs of animals on the basis of "responsiveness" and used a
blocked, one-way analysis of variance. As stated in our report
(Methods) this is "equivalent to a paired t test." Using this test,
the results in the two groups were comparable. We recognize that
any unpaired analysis with small numbers of animals and large
interanimal variability would incur a strong likelihood of com-
mitting a type II error. We attempted to avoid this by pairing in
the manner described. A paired analysis, as carried out, is suffi-
ciently sensitive to detect a 15 to 20% flow difference, if the
difference is consistent and reproducible. We believe this approach
is useful precisely because it serves to minimize the effects of
animal to animal variability in the data by matching adenosine
"hypo-" and "hyper-" responders in each treatment group. Fur-
thermore, because the animals in each group in our study were
quite comparable with one another in terms of baseline hemody-
namic variables and myocardial blood flows at rest, there is little
reason to suppose that all or most adenosine "hyporesponders"
were fortuitously assigned to the control group while all or most
"hyperresponders" were assigned to the stenosis group. Rather,
it is more likely that the two groups contained equal mixes of
each. The data in our Figure 2 support this argument. The fact
that we could not demonstrate a difference argues for some other
explanation (not a design error) for observed differences between
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Table 1. Results of Intravenous Adenosine Protocol: I
Regional Myocardial Blood Flow
(rnl-rnm- " g - I. mean ± I standard deviation)
(n = 8)
the results of our study and those of others. The Discussion section
of our report provides several possible reasons for these differences.
We began these studies of adenosine and myocardial blood
flow with an intravenous design (a technique commonly employed
in our laboratory), as suggested by Gould, but had to abandon this
approach because relative systemic hypotension induced by aden-
Distal zone
Endo 1.69 ± 0.30 2.50 ± 0.71* 2.11 ± 0.36
Epi 1.55 ± 0.37 2.29 ± 0.51* 1.91 ± 0.37
Trans 1.61 ± 0.33 2.39 ± 0.60* 2.01 ± 0.35
Circumflex zone
Endo 1.70 ± 0.36 2.56 ± 0.75* 2.19±041
Epi 1.59 ± 039 2.45 ± 0.70* 2.00 ± 0.45
Trans 1.64 ± 0.37 25 ± 0.73* 2.09 ± 043
Distal:LCx ratio
Endo 1.00 ± 0.05 0.98 ± 0.07 0.97 ± 0.07
Epi 0.98 ± 0.07 096 ± 0.11 0.96 ± 0.07
Trans 0.99 ± 0.05 0.97 ± 0.08 0.97 ± 0.05
Endo:Epi ratio
Distal zone 1.I1±012 1.08 ± 009 1.11 ± 0.11
LCx zone 1.08 ± 0.07 104 ± 0.03 1.10 ± 0.05
osine (3.5 to 7.0 mg/min) limited the magnitude of flow increases
in both stenosis and nonstenosis zones, thereby making it difficult
to adequately challenge the vasodilatory reserve of the stenosis
zone (results of pilot study attached-Tables I and 2). Data ac-
quired, however, showed no difference in regional flow when
portions of the same hearts were compared with and without a
stenosis during adenosine infusion.
Finally, it is worth noting 1) we never once mentioned the word
"Imaging" in our report, nor did we in any way imply that our
experimental methods could or should be used in conjunction with
myocardial imaging for the assessment of the physiologic Signifi-
cance of coronary stenoses in humans, and 2) the possibility that
arteriolar resistance in the 50% stenosis group was reduced in com-
parison with that of the nonstenosis group was specifically rec-
ognized in the Discussion section of our paper. The latter obser-
vation does not alter the fact that maximal flows attained in response
to adenosine were comparable in both groups.
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Control 2AdenosineControl I
*p < 0.05 versus control I; Endo = endocardium; Epi = epicardium:
LCx = left Circumflex; Trans = transmural
Note: I) Distal zone refers to myocardium distal to a fixed. rigid. 7
mm long, 50% stenosis 2) Circumflex zone refers to myocardium perfused
by the unobstructed circumflex coronary artery of each arumal. 3) Failure
of all distal:LCx flow ranos to change significantly versus control I in
response to adenosine. 4) Failure of the endo:epi flow ratio In both distal
and circumflex zones to change Significantly versus control I In response
to adenosine.
Table 2. Results of Intravenous Adenosine Protocol: II
Correction
It has come to our attention that one of the regression equations
in Table 3 of our article (I) was incorrect. The systolic equation
"Q-peak rate of emptying (LV) x 100 = - 0.10 HR + 25"
should read "Q-peak rate of emptying (LV) x 100 = - 0.10 HR
+ 29." Regrettably this typographical error was not detected until
after the manuscript was published.
Hemodynamics (mean ± I standard deviation)
(n = 8)
Control I Adenosine Control 2
Heart rate 100 ± 18 108 ± 18 105 ± IS
(min -I)
Mean aortic 1220 ± 11.2 97.0 ± 10.0* 124.0 ± 152
pressure (rnm Hg)
Mean left atrial 4.6 ± 3.6 4.2 ± 36 4.8 ± 3.7
pressure (mm Hg)
Mean distal coronary 117 0 ± 12.2 89.4 ± 11.9* 119.0 ± 149
pressure (mm Hg)
*p < 0.0 I versus control I.
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